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ARSTIi.CT 


Studios  hr.vo  boon  made  of  t'-e  preparation  and  pro-perties  of  Y  con  our.ds 
ui t! :  compos: tiono  near  Zn2>o'^»  ‘^1.0^nl.o'/ >  Cuo.5Zn1.5Y,  and  *  io.3Cuo.7Z’1'] ,0^‘ 
X-ray  diffraction  -'ntto-ns  taken  on  Y  compounds  with  aluminum  substituted  for  iron 
strongly  indicate  the  formation  of  a  second  phase,  rather  than  a  replacement  of 
Fo+3  by  a!  +  3  in  the  Y  structure.  While  densities  of  great- r  than  9')  norccnt 
of  the  theoretical  value  and  alignment  indices  of  0.98  and  .above  have  been  obtain 
linevidtho  remain  somewhat  high,  approximately  400  oersteds.  Attempts  at  nr-par: 
v  coimounds  from  topotactical  reaction  of  11  compounds  and  raw  oxides  have  ;  roved 
fruitless,  a-d  vi  th  r!ri’if*  temperatures  up  to  1400°C  no  r -action  occurs. 

Re  cause  of  the  extremely  good  alignment  t>f  pla  ar  materials  achieved,  ex¬ 
periments  have  been  started  to  orient  c’-bic  materials.  Initial  ■'xperinonts  with 
I'olycrystalline  yttrium  iron  garnet  have  been  very  cncou.r.’.gi  ng,  and  1  inea-i dth.r,  of 
18  to  19  oersteds  have  been  obtained. 

Initial  invest: g  ti on  of  the  application  of  lunar  ferrites  to  iso1  .- i or 
structures  ar-'  reported.  Because  of  the  small  sizes  and  sh.a  cs  of  planar  f"rv’U-’ 
now  available  only  low  isolation  vluco  are  found,  but  isolation  ratios  of  as  li¬ 
as  60  are  obtained. 
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ADVANCED  MICROWAVE  COMPONENTS  AND  TECHNIQUES  PLANAR 
HEXAGONAL  FERRITES  AND  DEVICES 

1.  INTRODUCTION 

This  rc-'-crt  covers  v-ork  performed  under  Contract  Af30(602)-2757  F3C-A0G2, 
Development  of  Advanced  I !i  crows ve  Components  and  Techniques  -  Planar  Ilexag'nal 
Ferrites  and  Devices,  for  the  period  from  June  28,  1963  to  September  28,  1963.  This 
report  describes  and  discusses  continued  procross  in  the  first,  or  materials,  phase 
of  the  program  and  initial  experiments  on  the  second,  or  applications,  phase. 

The  results  reported  show  that  the  materials  synthesis  efforts  have  pro¬ 
duced  materials  of  good  ceramic  quality  with  high  densities  and  extremely  high 
alignment  factors.  In  view  of  these  favorable  indications  it  is  somewhat  sur¬ 
prising  that  lincv/i  dths  no  more  narrow  than  375  oersteds  have  been  obt-ined.  At¬ 
tempts  are  being  made  to  reconcile  this  data. 

’'o cause  of  the  extremely  good  alignment  obtained  in  planar  materials,  it 
was  f^lt  justified  to  attempt  orientation  of  cubic  ferrites.  Preliminary,  but 
very  encouragin'  results  are  reported  that  could  have  very  significant  -practical 
importance. 

The  initial  isolator  structure  measurements  reported  should  bo  considered 
in  view  of  the  fact  that  only  s  all  sampl'-s  of  a  sin'Ple  material  ’..’0Y’o  used,  and 
therefore  t’ esc  results  represent  only  preliminary  findings. 


1 


2.  OBJECT 

The  object  of  this  project  Sc  to  invest?., "  tc  theoretically  and  ox  -eri- 
eaut-lly  the  j.'.i cromvc  cl'.-T  cteri  eti  cs  of  pin:?  r  hexaqone1  magnetic  oxide.;,  uit- 
:Th":i:  thoi r  application  to  ricrovevc  devices  and  ci  rc'-its. 

Parti ci’lar  emphasis  shall  bo  placed  on  the  development  of  a  scrips  of 
planar  ; ’agnatic  :  ir.tori.  als  r> so  mapnoti nation ,  anisotropy  field,  and  linaei dth  can 

be  controlled  over  a  range  of  values  suitable  to  T.icrovavc  application.  Efforts 
s’-  11  be  dir-cted  towards  the  utilisation  of  these  materials  in  low  frequency 
(1.0  r.c  to  10  Go)  devices. 

One  pool  of  this  program  is  to  demonstrate  tho  effect! venoss  of  hexagonal 
::  gnotic  aa.tori als  towards  the  redaction  of  nagnot  r.ia.c  in  1c/  frequency  roa.onanco 
-  aol'  tors.  A  stu-’y  pill  also  be  n.  do  of  techniques  of  using  planar  i tutorials  in 
-J cro- •••••.vc  switches  to  reduce  the  external  switching  field  required  and,  for  a 
"’vor  snitching  field,  to  incr-a.sc  the  switching  c  oed. 
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3.  PROGRESS  CF  PROJECT 


3.1  i  :aterial  s^lectioh 


During  this  second  quarter  of  the  program  more  complete  dot",  have  been 
obtained  on  material  properties  as  a  function  of  firing  temperature  for  a  number 
of  compositions.  Five  different  compositions  have  been  studied  with  rather 
complete  firing  curves  obtained  for  three  of  these. 

For  isolator  applications  it  is  './ell  knc./n  intuitively  and  demonstrated 
analytically  in  Secton  3.5  that  best  results  will  be  obtained  on  materials  having 
the  narrowest  resonance  I'.ncwidth  and  the  lowest  dielectric  loss.  The  field  of 
materials  suitable  for  this  application  can  be  ru. moved  doi/n  to  com"o  sit. ions  near 
Ni^Cu^Zn-^o1*  !!i1.0Zn1.0Y’  °f  Cu. 5Zn1.5Y‘  Tho  compositions  probably  lie 

near  one  of  these  compositions. 


At  this  point  it  is  not  yet  clear  what  material  characteristics  are  most 
important  for  tho  switching  application,  and  therefore  some  of  the  more  highly 
anisotropic  compositions  like  ’./ill  continue  to  be  investigated. 

Tho  substitution  of  aluminum  for  iron,  initiated  in  tho  last  quarter, 
was  found  to  be  fruitless  for  controlling  the  magnetisation  of  th^  material. 

X-ray  data  indicated  that  the  aluminum  substitution  resulted  'n  a  second  /.hr. so 
formation  in  tin  material  that  adversely  affected  its  mi.crov-ve  properties.  This 
family  of  materials  lvs  therefore  been  dropped. 

3.2  pyPThGoIo  TECHNIQUES 

The  preparation  -recess  used  ir.  tins  .quarter  //as  essentially  t!ic  c/'1;  an 
that  outlined  in  t1  e  First  ..jj  rterlp  Re  -ort.  Expcri. icn.trl  data  obtained  on  a  variet; 
of  samples  indicate  that  t' c  use  of  ethyl  alcohol  as  the  carrier  in  the  attritoring 
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st;  re  results  in  better  notorial  properties  and  gre.-tl"  foci  lit-  tcs  too  rossing 
process. 

The  topotnctical  reaction  technique  discussed  .in  the  lost  qu  rtcrly 
Report  failed  to  give  sufficiently  encouraging  results  to  warrant  continuance. 

Pirinc  tempera  tur--  as  I.if;li  as  1400°C  failed  to  produce  a  conclusive  conversion  of 
the  K  compound  plus  raw  oxides  to  the  desired  Y  structure. 

3.3  :sasure:5hts 

The  measurement  techniques  discussed  in  the  First  Quarterly  Report  have 
not  been  altered  with  the  exception  of  the  determination  of  resonance  properties. 
Resonance  measurements  have  been  carried  out  in  cavities  at  both  X-br.nd  (9300  Kc) 
and  V-band  (37OQ0Kc)  frequencies.  The  use  of  two  frequencies  allows  the  calculation 
of  the  anisotropy  field  and  g-factor  without  hr.vi  ng  to  resonate  the  material  with 
the  d-c  field  applied  in  the  hard  direction.  A  free  mounted  sphere  o'  n  then  bo 
used  in  both  cavities.  For  each  frequency  Kittel's  equation  then  toh.es  the 
familiar  form  for  resonance  of  a  planar  material  \/ith  d-c  magnetic  field  a  >plicd 
in  the  easy  plane 

UJ1  =  Y[H01(!!01  ■-  s  (1) 
w’ ore  Uqi  is  tiic  applied  d-c  field  required  for  resonance  at  the  fre  .uc.ncy  a\,  and 
I'anis  "s  the  offective  planar  anisotropy  field  of  the  material.  Since  a  spherical 
sample  is  used  tiic  demagnetizing  terms  do  not  enter  this  equation.  A  similar 
eou:  tion  will  hold  for  "rc,.uency  and  the  anisotropy  field  ?\-iy  then  be  calculated 
by  taking  the  ratio 
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The  oyrorvyro-i  ic  factor  {  can  then  bo  c-lcul...'.od  frop  o;uat:o:s  (?.)  ;  tV 

results  of  (2).  In  those  c - i eel- tions  the  as.  UT-t: on  is  ruide  t.'  i  hi  d  Y  :-r ' 
ts -  ;  SW  at  the  ta-o  fr  ■  ijei-.r-iry.  used.. 

In  those  ’leas’.’.ro neats  the  d-c  u  .;notic  field  is  s  .*!  : el  ‘ : i  the  'rry 
pi  ane,  but  tiio  r-f  mnyreti  c  field  '.vs  r.o  definite  orients  ti  n  \.’ith  cot  to  fa's 
line.  T!io  v.ei-tioj!  has  arisen  :-s  to  uhetber  or  not  the  -o. -si' rod  1  j'wi'ltl.  ■■•ould 
very  >rith  orientation  of  the  r-f  fivld  also.  Such  a  do  wide,  cc  *.»’.>  V  e::- 1'in  so  e 
of  the  observed  variation  of  line-sidth  on  a  river1  co.-jfos? ti on.  To  resolve  t' is 
question  -loncnr 'vents  r.r  •  >l-.v:ned  for  the  rent  - -darter  ■-.its.  bre  applied  bot!.  in 
the  easy  plane  and  at  ri pht  anqlos  to  this  pi -no. 

3„4  E-'ISFiTS 

Measured  values  of  density  an-1  alirivient  factor  for  .--.atari als  fir  d  -t 
various  tnuporatvrcc  are  shown  in  Figures  1  throuch  6.  The  first  three  fi.--ur.-s 
show  complete  sets  of  data,  rn  the  Zn^Y,  the  Cu  jZnj.jY,  and  the  Ki^jOu^yZnj  ^qY 
■'.star h- Is  for  batches  a:  r/i •:*  ci  alcohol,  rater,  and  Kyso  45  -.-ere  used,  r.o  carriers 
j:i  the  attritor  of;  {To  of  the  pr-narat.i e.n  process.  ?i.<-ur>'s  4,  5,  and  £  slow  sii-.ii.ar 
though  si;  lo-riiat  loss  conplote  ■’nta.  In  p -rtieul.ar,  the  compositions  T1  qZh-j  qt 
and  Con/jCvLp/jZ^o/j  shown  in  Fipureo  5  and  6  resnoctivoly  have  not  yet  boon  pro- 
\rcd  veiny  alcohol  as  the  carrier. 

Fi.ru.-a  1  shone  that  th -  density  of  t!  o  Zr.p"  co.i  osi ti vi  is  not  yroatly 
ffoctad  by  th.e  fqe  ef  r-in-inr  used,  shsss  1  I  a  food  s-  a- a  1  is  -/era  obtained  --it): 
--'tier  tli-1  alcohol  or  fyso  45  c-’-r:  rs.  Th-  -11’  TP;:  -  of  t'  -  a.  -t-  It  re  resents 
c  .-  lit- d  th -or  tie.”  i  -’a  sit  -  h  o?  o-:  t  -  1  ttico  constants  "or  t1  •  Y  ccvour.'s  -s! 
i  --•  sal  -eil  -r  '  a  1  ■  -a  .  .  ioas.  °  -  !n  -l.-  ty  \  i  c.'  oceuvs 

■-  ■  ■  ...  '  ■  --  Pa  --  '  l.-> 
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FIRINQ  TEMPERATURE  (C)  4dlA 

Figure  1.  Density  and  alignment  index  of  Zn2Y  samples  plotted  as  a  function 
of  firing  temperature.  Data  are  shown  for  three  different  carriers 
used  in  the  attritoring  process. 
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6 .  PERSONNEL 


During  the  second  quarter,  time  spent  on  the  project  by  technical 


personnel  was  as  follows: 

ENGINEERING  PERSONNEL 

J.  E,  Pippin  28  hours 

G.  P.  Rodrigue  85  hours 

H.  A.  Willing  40£  hours 

Total  Engineering  Time  518 

LABORATORY  TECHNICIANS  604  hours 

SHOP  PERSONNEL  149  hours 

TOTAL  1271 


In  this  same  period  the  following  time  was  spent  or.  company  sponsored 
directly  related  research: 

ENGINEERING  PERSONNEL 
J.  E.  Pippin 
G.  P.  Rodrigue 
E.  L.  Meeks 

Total  Engineer:ng  Time 
LABORATORY  TECHNICIANS 

GRAi  iD  TOTAL 


37  hours 
83  hours 
90  hours 
210 

8  hours 
1489  hours 
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density  that  is  °6.5  eorcent  of  the  theoretical  density,  "he  alignment  factor 
data  given  at  the  top  of  this  graph  shot's  a  decided  in~rovenicnt  in  alignment 
factor  when  alcohol  is  used  as  the  carrier  in  the  attri tor  stage.  A  f '  ring 
temperature  of  1250°C  was  also  found  to  produce  a  maximum  alignment  f.aetcr  of 
,97.  This  very  marled  improvement  in  alignment  with  the  use  of  alcohol  as  the 
carrier  lias  been  consistently  found  for  all  materials  prepared,  '/hilc  If! 50°C 
would  bo  an  optimum  firing  temperature  for  this  ZnoY  material  as  far  as  density 
and  alignment  arc  concerned,  the  actual  firing  temperature  will  bo  influenced 
also  for  practical  materials  by  the  affect  of  firing  temperature  on  dielectric 
loss  tangent.  (Sco  Figures  7  and  8  and  accompanying  discuss5 on.) 

Figu.ro  2  shows  curves  of  density  and  f-factor  for  the  Cu.5Znx.5Y  mater5 .-In 
as  a  function  of  firing  temperature.  For  this  material  a  substantial  improvement 
in  alignment  is  again  noted  on  those  samples  in  which  alcohol  was  used  as  the 
carrier.  For  this  'articular  material  the  maximum  density  of  the  samples  attri to"i sod 
with  alcohol  was  reached  at  a  decidedly  lower  firing  tcarwmturo  than  was  the  case 
for  samples  prepared  using  either  water  or  I-yso  45  in  the  attri  tori,  ng  stage.  For 
this  material  polyvinyl  alcohol  wax  w s  used  as  a  bindor  with  the  Kyso  45,  The 
maximum  density  obtained  at  1150°C  rep.resonts  97  percent  of  the  theoretical  density 
calculated  from  X-ray  data  and  the  molecular  weights  of  the  constituent  ions.  T’no 
alignment  3 ndex  data  shown  in  the  upper  -orticn  of  this  graeh  show  a  maximum  value 
achieved  at  1200°C  or  above.  An  optimum  firing  temperature  night  lie  between  1150°C 
n.i/i  1200°C  de-'endir.'"  on  the  dielectric  loss  variation  with  firin'*  tensers turn  .  "he 
maximum  alignment  :ndex  for  the  ■  terisl  was  very  nearly  .99  and  r^  resents  es¬ 
sentially  conplcr  e  alignment  of  the  gr  ins- within  the  olycrystal  lino  .-r:to~ial. 

Similar  data  on  the  hi  jCu  yZ-ij  q"  -is tori al  are  s'  o"n.  in  ’7irvro  3.  "his 
nr  tori  a1  ”.es  not  nressred  uiti  i.y  so  45  as  *  carrier,  hence  only  the  c'  rve  for 
alcohol  aln’  a  fm;  oints  "r-"  ■  nhr  -r-  show  .  The  Kuxi  .ium  does5 t  -  5 achieved  ."or 
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THEORETICAL  DENSITY 


DENSITY  g/cc 


6.5 


a  firing  temperature  near  1150°C  and  represents  98  percent  of  the  theoretical 
density.  The  maximum  alignment  once  again  occurs  for  higher  firing  temperatures  - 
at  1200°C  and  above.  A  very  marked  improvement  is  noticed  in  these  curves  when 
alcohol  is  used  in  the  attritor  stage.  Once  again  an  optimum  firing  temperature 
should  be  determined  by  considering  the  temperature  necessary  to  achieve  high 
density,  good  alignment,  and  low  dielectric  loss. 

Figure  4  shows  density  and  alignment  indices  for  three  different  materials 
having  the  basic  h'i  oCu^Znj^oY  composition  with  various  amounts  of  aluminum  sub¬ 
stituted  for  the  iron.  While  this  substitution  was  initiated  in  an  attempt  to  con¬ 
trol  the  magnetization  of  this  material,  the  effort  has  been  abandoned  because  of 
the  results  evidenced  here.  The  upper  portion  of  this  curve  shows  that  the  align¬ 
ment  index  is  greatly  deteriorated  upon  the  substitution  of  aluminum  for  iron. 

Taking,  as  an  example,  the  firing  temperature  of  1250°C  we  find  that  in  two  batches 
of  n  terials  prepared  using  alcohol  as  the  carrier,  the  alignment  index  drops  from 
approximately  .99  to  .7  upon  the  substitution  of  5  percent  aluminum  for  iron.  For 
the  same  substitution  and  with  the  firing  temperature  of  1200°C  the  alignment  index 
drops  from  .98  to  less  than  .2.  The  observed  X-ray  diffraction  patterns  strongly 
indicate  that  the  aluminum  does  not  actually  replace  iron  in  the  Y  structure  but 
instead  goes  into  a  second  phase  in  the  material.  Such  second  phase  formation  is 
evidenced  by  a  drastic  decrease  in  indicated  alignment  factor.  This  evidence, 
together  with  th- 1  obtained  on  magnetization  fox'  these  aluminum  substituted  materials, 
was  taken  as  sufficiently  conclusive  to  eliminate  such  compositions  from  further 
consideration. 

Figures  5  and  6  chow  data  taken  on  two  further  compositions  that  have  not 
yet  been  pr-pared  using  a’cohol  as  the  carrier.  In  both  cases  the  alignment  factor 
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DENSITY  g/cc 


1100°  1150°  1200°  1250°  13003  1350° 


FIRING  TEMPERATURE  (°C)  434A 

Figure  4«  Density  and  alignment  plotted  as  a  function  of  firing  temperature 
for  Nio,3Cuo.7Zni.oY  compounds  in  which  there  has  been  a  partial 
substitution  of  aluminum  for  iron.  Data  are  shown  for  two 
different  carriers  used  in  the  attritcring  process. 
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f  VALUE 


Figure  5*  Density  and  alignment  index  for  Nii.oZni.oY  samples  plotted  as 
a  function  of  firing  temperature.  Data  are  shown  for  twe 
different  carriers  used  in  the  attritoring  process. 
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Figure  6.  Density  and  alignment  index  for  Cc>2/3Cu2/3Zn2/3Y  samples 

plotted  as  a  function  of  firing  temperature.  All  data  shown 
were  obtained  with  Kyso  45  as  the  carrier  in  the  attritoring 
process* 
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is  inferior  to  the  general  run  of  materials,  and  it  is  expected  that  considerably 
improved  results  will  be  obtained  when  these  materials  are  prepared  with  the  alcohol 
carrier. 

Data  on  dielectric  loss  tangent  as  a  function  of  firing  temperature  for 
the  Zn2#o Y  material  arc  shorn  in  Figir-'s  7  and  S.  Three  compositions  with  different 
iron  content  were  tried.  The  starting  compositions  of  those  three  compounds  v/crc 
varied  from  approximately  3  percent  iron  deficient  (5.8  Fe)  to  approximately  6-1/2 
percent  iron  deficient  (5.6  Fe) ,  to  10  percent  iron  deficient  (5.4  Fo) .  Figure  7 
shows  data  talon  in  an  X-band  cavity  on  rods  of  the  material  40  rails  in  diameter, 
while  Figure  8  represents  data  token  on  discs  of  the  materiel  at  20  J'c  using  a 
Roonton  Q.  meter.  It  is  felt  that  for  microwave  purposes  the  X-band  cavity  perturba¬ 
tion  measurements  are  considera  bly  more  reliable  than  are  the  Q  motor  measurements. 

In  general,  the  measured  data  are  in  reasonably  good  agreement.  There  is  a  con¬ 
siderable  spread  in  tho  .  meter  measurements,  but  this  is  iiihercnt  in  tho  accuracy 
of  the  measurement.  It  is  scon  from  both  these  curves  that  tho  dielectric  loss 
tangent  increases  rapidly  for  this  material  as  the  firing  temperature  is  raised 
above  1100°C,  and  is  quite  high  at  1250°C,  the  optimum  firing  temperature  for  both 
good  alignment  and  high  density.  Thus  so-o  compromise  must  be  sought  between  the 
loss  tangent  and  the  alignment  and  density  requirements  on  firing  temperature. 

One  possible  cause  for  this  rapid  increase  in  loss  tangent  with  firing 
temperature  is  that  cine  is  being  lost  on  firing  at  the  higher  temperatures,  and  as  a 
result  the  material  has  excess  iron.  It  was  to  correct  this  possible  cause  that  the  iron 
’cficient  compositions  were  synthesised.  It  is  seen  particularly  clearly  in  Figure  7 
that  the  reduction  in  iron  stoichiometry  does,  in  fact,  reduce  the  dielectric  loss 
tangent  in  the  final  material.  The  lowest  loss  tangent  measured,  however,  is  still 
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TAN  <3 


A  Zn2Y(5.8Fe) 
A  Zn2Y  (5. 0  Fe) 
A  Zn2Y  (5.4  Fe) 


Figure  7.  Dielectric  loss  tangent  of  ZnoY  samples  plotted  as  a  function 
of  firing  temperature.  Data  shown  were  obtained  by  X-band 
cavity  measurements  and  represent  results  obtained  on  materials 
of  three  different  iron  stoichiometries. 


Figure  8. 


1100°  1150°  1200°  125(7°  WU' 

FIRING  TEMPERATURE  (°C)  43 

Dielectric  loss  tangent  of  Zn2Y  samples  plotted  as  a  function 
of  firing  temperature.  Data  shown  were  obtained  from  Q  meter 
measurements  at  20  Me  and  represent  results  obtained  on  materials 
of  three  different  iron  stoichiometries. 


0.011  -  a  relatively  hi ph  value  for  microwave  applications. 


Figure  9  shows  the  dielectric  loss  tangent  of  the  Mi  ^Cu  yZn-^  qY  compound 
as  a  fraction  of  firing  temperature.  Data  on  Wo  compositions  of  differing  iron 
stoichiometry  are  also  shown.  These  data,  though  not  yet  complete,  indicate  that 
iron  stoichiometry  is  of  little  importance  in  determining  the  dielectric  loss  of 
these  materials.  These  data  were  all  t  hen  at  X-band  by  cavity  perturbation 
techniques. 

In  Figure  10  are  shown  data  taken  by  both  cavity  and  Q  meter  methods  on 
t'  o  Cu^Zn^^Y  compound. 

It  should  also  be  noticed  that  in  neither  of  these  materials  is  there 
as  strong  a  tendency  for  the  dielectric  loss  to  increase  with  increasing  firing 
temperature  as  was  experienced  with  the  ZnpY.  In  fact,  the  dielectric  loss  of 
those  compositions  remain  relatively  constant  as  the  firing  temperature  is  raised 
to  1200°.  At  still  higher  firing  tempore. turns  there  is  sene  evidence  of  on  in¬ 
crease  in  dielectric  loss.  The  relatively  flat  curve  of  loss  tangent  as  a  function 
of  firing  temperature  for  these  materials  and  the  absence  of  any  apparent  dependence 
on  iron  stoichiometry  both,  indicate  that  tho  loss  of  zinc  is  not  severe  with  these 
two  materials.  Again  loss  tangents  of  the  order  of  .01  to  .02  are  obtained. 

Table  I  contains  a  variety  of  data  on  scattered,  though  representative, 
samples  of  planar  materials.  The  data  s!  O’.m  here  illustrate  the  results  obtained 
in  terms  of  average  values  as  well  as  departures  from  the  average  values.  While 
some  results  may  seen  inconsistent  from  one  standpoint  or  anotier,  they  are  shown 
here  nevertheless.  The  various  sampler,  were  prepared  with  alcohol,  Kyso  45  and 
vater  as  a  carrier  in  the  attritor  stage,  and  were  fired  at  differing  firing 
toraroratures. 

The  saturation  magnetization  for  the  ZnjY  material  shown  in  Column  5  of 
this  table  is  centered  around  approximately  2100  gauss  with  approximately  100 
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TAN  6 


Ni0.3Cu0.7Znl.  0Y  (5*8  Fe) 
Ni0.3Cu0,7Zn1.0Y  (6.8  Fe) 

Ni0.3Cu0.7Z\oY  (B’4  ^ 


Figure  9.  Dielectric  loss  tangent  of  Nio.jCuo.yZn^gY  samples  plotted 

as  a  function  of  firing  temperature.  Data  shown  were  obtained 
from  X-band  cavity  measurements  and  represent  results  obtained 
on  materials  of  three  different  iron  stoichiometries. 
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1100°  1150°  1200°  1250° 

440A 

FIRING  TEMPERATURE '(“C) 

Figure  10.  Dielectric  loss  tangent  of  Guo.5Znl.5Y  samples  as  a  function 
of  firing  temperature.  Data  obtained  from  both  X— band  cavity 
measurements  and  20  Me  Q  meter  measurements  are  "shown  on  this 


TABLE  I 


1 

2  1 

3 

4 

5 

6 

7 

8 

9 

l_i° _ 

Firing 

Mo. 

temperature 

ATT  Ms 

AH 

IIn  . 

Sample 

Material 

(°C) 

Carrier 

(gauss) 

F 

(oe) 

Y 

i  ?°°) 

,  2"So)  . 

I!P-29A 

Zn2.0? 

1150 

Alcohol 

2180 

.317  569 

14,650 

11,300 

I1P-29AH 

Zn2.0Y 

1150 

Alcohol 

2090 

.742 

587 

HP-15A 

Zn2.0Y 

1150 

Kyso  45 

2010 

.18 

HP-15E 

Zn2.cY 

1200 

Kyso  45 

2180 

.48 

608 

3.12 

14,300 

IIP-15C 

Zn2.0Y 

1250 

Kyso  45 

2220 

.605 

539 

15,000 

I!P-1C 

Zn  Y 

1250 

Water 

2200 

.347  1200 

IIP-20B 

Cu.5Zni  gY 

1100 

Alcohol 

2260 

.70 

723 

HP-20A 

CuJz^Jy 

1150 

Alcohol 

2320 

.85 

513 

2.6 

11,000 

9,400 

I!P-20b 

Cu.5Zn1.5Y 

1200 

Alcohol 

2390 

.995  496 

2.14 

21,677 

12,400 

HP-20F 

Cu.5Zn1.5Y 

1250 

Alcohol 

2370 

.983 

527 

1.75 

39,700 

14,900 

HP-19A 

3u.5Zn1.5Y 

1200 

Kyso  45 

2260 

.66 

620 

12,300 

IIP-19C 

Cu.5Zn1.5Y 

1200 

Kyso  45 

2000 

.864 

710 

2.48 

14,100 

HP-19E 

Cu.5Zn1.5Y 

1250 

Kyso  45 

2190 

.713 

682 

1.96 

18,700 

13,600 

IIP-5A 

Cu.5Zn1.5Y 

1250 

Water 

2290 

12,500 

HP-21B 

Hi.3Cu.7Zn1.0Y 

1100 

Alcohol 

2760 

.601  419 

2.61 

9,200 

8,600 

I1P-21A 

!  Nl.3Cu.7Zni.0Y 

1150 

Alcohol 

2330 

.893  375 

2.9 

7,400 

7,700 

!!P-21C 

I  Ki.3Cu.7Zni.0Y 

Alcohol 

2550 

.984  431 

2.46 

13,700 

10,700 

IIP-6A 

!  Hi.3Cu.7Zni.0Y 

1250 

Water 

2820 

.358 

HP-21A 

;  Ni  nCu  -7Zm  nY(5?AJ 

1150 

Alcohol 

1530 

.232.435 

7,094 

7,213 

HP-21C 

Hi .  ^Cu .  7Znn  .  nY(53A«)a200 

Alcohol 

1590 

.476 '400 

7,700 

7,660 

IIP-7D 

,  ili.jCu.yZn^^.oYt^U)  1250 

’Water 

2400 

•  6 

070 

8,430 

HP-8B 

i  1 

!  i:i.3Cu.7Zn1.0Y(lC^.AS)!1250 

'.tutor 

2450 

.234 

1300 

750 

I1P-8A 

;  tii.3Cu.7Zn1.oYO.oiS 

(1250 

Water 

2130 

1400 

1,000 

HP-9A 

'  i!i.3Cu.7Zni.oY05AS 

1250 

Water 

2490 

HP-4 

Kii,0Zni.0Y 

1250 

Water 

2390 

.863 

1000 

13,600 

HP-18 

;  Nii.0Zni.0Y 

1250 

Kyso  45 

2450 

_ 

.434 

680 

15,000 

KF-12E 

Co  2/^  Cup /y^2/3 

— 

H 

■ 

0G-5 

3Y2°3'5Fe203 

1450 

Alcohol 

18.3 
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v.rz  s  -road  in  measured  v  lues.  Ds‘a  on  t!  ■"  Cu  ^Zim  corapeun ’s  indicate  a 

s  .turati- n  nafpictisat’  m  srir  .1300  reuse.  Te  tl's  case  the  e-  read  of  data  is 
soncv'i.at  'renter,  and  on  one  sample  a  value  of  only  1000  ye.uss  was  measured.  The 
l!i  oCu  rrZn-i  nY  eomoound  has  a  saturation  tv. meki aation  of  approximately  2550  /tours. 

T);e  data  on  tie  aluminum  substituted  ni cfcel-coppcr-siiic  compound  show  rather  erratic 
results,  for  the  5  'orcent  aluminum  substituted  compound.  On  the  other  hand,  no 
sifT.tif J  cant  change  in  ■■’.sp-atization  occurs  i/!;en  10  and  15  percent  aluninun  is  sub¬ 
stituted  for  iron.  X-ray  diffraction  data  r.tronrly  j "die- ted  a  second  phase 
for .lut Jon  as  evidc’ced  lx: re  by  t’"C  small  alien’ ;cnt  factors. 

Colum  7  of  T-blo  I  lists  measured  values  of  lineuidth  on  the  different 
co’’  os- 1 ! or.s  as  a.  function  of  fir' no  tense r.-turc  and  carrier  used.  It  should  bo 
evi«V  t  fro-’  tMs  data  t!  at  '-n  most  instances  t5<a  non  mired  lineuidth  boars  an  in¬ 
verse  relation  to  t’-o  al.ianrent  i  nd^x.  iii  califrracnt  scorns  to  lie  the  c’>Jof  cause 
of  'Ir.e  hroadc  'inf  "n  those  comnouuds  -.'it.!’  sinfle  phases  'resent.  Hnrroucst  li.no- 
\’l dths  are  obtained  on  the  !:i  ^Cu  ?Z n-,  Q  Y  ::r  tr”:.nl  but  tine  sra'l  lost  value  measured 
to  t.e  is  still,  u 'proximate ly  375  oersteds.  In  view  of  the  oxtrencly  hi  pi  ,  values 
of  "li’-nnout  index  ac'  loved  and  the  relatively  Mrh  density  of  those  samples  it  is 
difficult  to  understand  t!y  reason  for  this  broad  line  width.  Different  compositions 
will  be  tried  in  f  c  vie: nit.”  of  this  compound  in  order  to  sec  if  a  departure  from 
t’  5  a  co  icl  form  la  'fill  result  in  a  nor-  narrow  line  width.  In  addition,  efforts 
'.."’11  h-  rv  .’c  to  dot" r- line  ■1  ether  or  rot  the  measured  lino’. fid th  v-  ries  witJi  orientation 
of  t!  r-f  map:-: ~tic  fis’d.  1  ensured  lir.euidths  are  found  to  very  by  as  much  as 
10  •••ercc.it  between  measurements  taken  on  camples  of  the  s/uao  material  at  X-  and 
V— band  fre.p.  ene.i  os.  ho  consistent  fro  re.ncy  do-  endenee  is  presently  noted. 

Columns  C,  n ,  and  10  contain  p-factor  and  anisotropy  field  data  for  several 
different  co:;  ositions.  The  values  listed  in.  Columns  G  and  ?  are  deduced  from 
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resonance  nens’-ro  'ants  at  X-  and  V-L;  nd  fra.;v.onc:ac  as  outlined  :n  Section  3.3.  lues 
listed  ?r.  Column  10  are  connoted  from  X-lvind  sure:  :onts  alone  vn'er  the  r.ari"  v-tlon 
t’  at  r  =  2  or  Y  =  2.3.  It  clonic  br  oi  -.ted  out  iba-t  the  com  vtatior.s  involved  mi 
de  terra  rainy  those  values  listed  in  Columns  3  and  9  are  rather  sensitive  to  snail 
errors  in  'otor.-in.iny  the  field  rcqr.i red  for  resonance  at  the  t\;o  frcciuencioc. 

"Y. cause  of  the  estrone  1y  yood  rlipncct  factors  achieved  on  plan  r  :r.tc‘’Mr, 
effort  wts  carried  o>‘t  on  an  associated  company-sponsored  rocraa  to  test  those  sc  o 
-nti  ods  on  cubic  materials.  Listed  at  the  bettor  of  'Table  I  is  the  line’. ’id th  dc- 
te ruined  on  a  sirylc  couple  of  polycrystn Iliac  yttrium  iron  carnet  that  \:r. s  proceed 
i the  orientation  techniques  evolved  in  ti:f c  study  of  planar  materials.  The 
do-si ty  car  bo  considcrab'y  i  -.roved  by  oa.nloy; >>'•  o.  different  C.'riny  torr  oraturc. 

The  f;  ct  that  a  lincuidth  <  f  only  IS. 3  oersteds  \r. s  obtained  on  t’.  is  polycryct.nl  l.i  no 
tori  a  1  ’./ith  relatively  low  density  is  fr’t  to  bo  a  y  od  indication  of  at  least 
artially  successful  oli.yr.-y'n.t  o'*  the  crb: c  i— in..”,  of  t’.ia  . a  t-rial.  Vicri ontod 
olyeif.d  all'  -c  yarnet  u.terL-.ls  1  vm.;;  cane  densities  r.or.villy  si  O"  j  i  novi  stbs 
of  1] s'  order  of  eO  o— rat-ds  so  If  ■ !  ,n  mar' cd  r-d  c t i a . \  Pas  beer,  a  c’  ov-d,  acaa.a  a 
of  to  ir.'porta-t  ra.cti  cal  in  -Id  cations  of  '-'is  res'.  It,  this  -ffort  ir.  boiny  con- 
f’YUcd  into  tie  root  .v  rt'r.  Tf  it  ’'oca.  rove  siblc  to  orient  t' e  yrair.c  of 
c’sic  y :  rn-ts  and  ferrites  and.  V  a -op”  drast:  e-lly  reduce  t- -ir  1  ineuidtho,  a  uioln 
ao-i  -oneret'on  of  naym  ti  c  materials  be  available. 

3.5  AFFLICATICi  S  I^'DISS 

Duriny  the  -a  st  ,y  rtor  stud  'or.  Lave  been  initiated  into  the  application 
o'*  la  ,.-r  u  teria.ls  to  Tactical  mi cro/ave  devices.  Initial  efforts  have  been 
cercer.tr" te ’  on  rassi'le  isolator  configurations . 
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'.-hen  ore  as r.iincr,  the  dielectric  losses  are  not  cr.r.p  r-ble  to  t } I p- losses. 

he:  ,  ^  za,  ,  r.nf'^fxz"  .ire  t1  c  a-  proprv  to  terms  of  the  siv.ceptiWlity  tensor  a  1(1 
tV  f'-c  n:  fpiotic  field  in  considered  asiplied  in  the  y~djrection  .  Up  nr.inp  si  scopti 
bilitp  terns  a  > -roprie.te  to  the  p-rt:cuir  cn:;o  of  plssi;  r  f  orri tea  one  can  dctrpioo 
the  (V'tjntuia  notorial  o-  fiver- ti  n  as  '.'ell  as.  t-  o  influence  of  v  r'o’.v  rr-toriel 
•-ro portion  on  this.  Maximum  isolati'-n  r-t.io. 

The  sus.ee -tibi  lity  terns  cn"  bo  derived  from  the  Landau-Lif  s!ii  to,  eolation 
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where  1’,  1!,  and  S  ere  as.  previ nusl  y  defined,  and  a  is  the  appropriate  damping  factor 
F^n o',b n,<-  throi'; :h  th-  ecr;v  tion  fo”  a  el-  n  r  material  --ith  ^a-sy  plane  in  the  x-y 
"1  lie,  o -e  finds  for  the  s  -ap': ->.Ti-p  or  loss  terms  of  the  tensor  susceptibility 
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n-  =  6J  , 
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D  =  J7:rti:z(l  :  a2)  -  Iii'-j"  +  a2!li2(llx  +  y)  ?\ 


rj-T-  •;  -«+-*« r*  +•;  f /V\  . i  ( n\ 

-V  •*■  -■••» ^  -  >■*.**■  -  \y/  j  v'-'/  j  —  ••  \  >  j 

occurs  "t  ro science ,  tlirvt  is 


V 


Hi  -  =  iyiz, 


rmx 


".nr  father  th°.t 


a‘-«  1, 


t’r  r'-lat.'i^n  for  Fmox  become  c 


be  cones  the  f:\mi  l.i  -\r  rcir.ii  on 


(3) 


(9) 


Tbo  rolr td o:\olu n  for  the  nar.imtra  ioolat' n;i  ratio  indicates  that  this  ratio  is  in¬ 
dependent  of  t!:e  anisotropy  field  of  the  nr.torial. 

It  is  to  be  noted  that  equations  (3)  through  (9)  were  derived 
assuming  the  applied  field,  H0,  is  sufficient  to  saturate  the  material. 
The  required  applied  field  for  resonance  may  be  determined  from  the 
equation  of  resonance  for  a  planar  hexagonal  material. 


» '  =  f  [ho  +  HA  +  Ny)Ms]  [hd  +  (N*-  Ny)Ms]  * , 

where  the  x-y  plane  is  the  easy  plane  of  the  material,  and  the 
y-direction  corresponds  to  the  direction  of  the  applied  field,  HQ. 
It  may  be  shown,  that  the  field  required  for  resonance  in  a  given 
configuration  may  not  always  be  sufficient  for  saturation. 
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Consider  as  typical  examples  of  waveguide  geometries  those 
shown  in  Figure  11.  Assigning  parameter  values  of 
=  10  x  10  oersteds, 

4  7Tms  =  2.4  x  10^  oersteds, 

Y  =2.8  Mc/oersted, 

and  =3  Kmc  . 

We  find  the  following  results  for  a  slab  with  dimensions  .875"  x  .125" 
x  .020". 

CASE  I  -  for  the  easy  plane  parallel  to  the  plane 
of  the  slab  and  the  slab  normal  to  the 
broadwall  of  the  waveguide,  the  required 
H0  is  400  oersteds. 

CASE  II  -  for  the  easy  plane  perpendicular  to  the 
plane  of  the  slab  and  the  slab  normal  to 
the  broadwall  gf  the  waveguide,  the  required 
H0  is  1600  oersteds. 

CASE  III  -  for  the  easy  plane  longitudinal  to  the  wave¬ 
guide  axis  and  the  slab  parallel  to  the 
broadwall  of  the  waveguide,  the  required 
HQ  is  3700  oersteds. 

CASE  IV  -  for  the  easy  plane  transverse  to  the  wave¬ 
guide  axis  and  the  slab  parallel  to  the 
broadwall  of  the  waveguide,  the  required 
Hq  is  1810  oersteds. 

In  Cases  I  and  II  the  demagnetizing  field  is  336  oersteds 
and  in  Cases  III  and  IV  the  demagnetizing  field  is  2020  oersteds. 

Thus  it  is  seen  that  Case  III  would  provide  the  greatest  degree  of 
saturation;  however,  it  also  requires  the  greatest  applied  field 
for  resonance.  Isolator  measurements  during  this  interim  have  been 
primarily  confined  to  Cases  I  and  III  due  to  the  size  and  shape  of 
presently  available  planar  material. 
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EASY  PLANE  DENOTED  AS  THE  x-y  PLANE 

Figure  11.  Various  possible  configurations  of  a  planar  material  mounted 
in  a  rectangular  waveguide. 


26 


b.  Measurements  on  Isolator  Configurations 

During  this  second  quarter  investigations  were  conducted 
to  determine  the  performance  of  isolators  using  the  best  of  the 
available  planar  hexagonal  materials.  The  principle  aim  of  this 
study  was  to  determine  the  correlation  between  theoretical  pre¬ 
dictions  and  experimental  results.  The  material  investigated  was 
Ni  ^Cu.  gZn^ .  qY  •  The  material  was  made  into  slabs  and  mounted  on 
the  broad  wall  of  both  S-  and  X-band  rectangular  waveguides  and 
subsequently  inserted  in  a  variable  magnetic  field.  A  special 
section  of  waveguide  was  designed  with  one  broad  wall  in  the  form 
of  a  sliding  plate,  so  that  the  position  of  the  ferrite  could  be 
continuously  varied  within  the  waveguide. 

A  slab  of  Ni  3CU  7Zn^  qY  material  fired  at  1150°C  was 
mounted  on  the  broad  wall  of  the  waveguide  as  shown  in  Figure  11,  Case 
III.  The  dimensions  were  .94"  x  .125"  x  .032",  The  response  of  the 
isolator  to  a  varying  applied  d~c  magnetic  field  at  a  frequency  of 
9  Kmc  was  observed  for  different  positions  of  the  ferrite  across 
the  broad  wall  of  the  waveguide.  These  curves  of  attenuation 
versus  applied  field  are  seen  in  Figure  12.  Figure  13  shows 
isolation  ratios  measured  at  resonance  versus  the  position  of  the 
ferrite  across  the  waveguide.  It  can  be  noted  that  the  maximum 
isolation  ratio  is  obtained  with  the  slab  positioned  one  quarter 
of  the  broad  dimension  across  the  waveguide.  Theoretical  calcula- 
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tions  show  that  for  maximum  isolation  ratio  for  the  given  material, 

the  ratio  of  the  magnetic  fields,  hz,  should  be  3.78  to  1.  This 

^x 

corresponds  to  a  position  across  the  waveguide  of  .435  of  the 
total  width  at  the  measurement  frequency.  The  zero  db  reference 


Figure  12.  Curves  of  forward  and  reverse  attenuation  measured  as  a  function  of  applied 
field  for  a  slab  of  Hio.3®u0.72n1.0^  materials  in  the  configuration  of 
Case  3  of  Figure  11.  The  parameter  in  these  curves  is  the  position  of  the 
slab  across  the  broad’,, -all  of  the  waveguide. 


level  for  these  attenuation  curves  and  isolation  ratios  was  taken 


as  the  output  reading  obtained  with  a  maximum  field  applied  in  the 
low  loss  direction.  Hence,  any  dielectric  losses  associated  with 
the  slab  being  measured  are  not  considered  in  determining  these 
isolation  ratios,  and  will  degrade  actual  performance.  The  size 
and  shape  of  planar  ferrites  now  available  limits  the  dimensions 
of  the  slabs  and  restricts  isolation  values  of  a  single  slab  to 
small  values. 

The  same  materiel  was  made  into  a  slab  of  dimensions 
.035"  x  .25"  x  .875"  and  mounted  in  the  waveguide  in  accordance 
with  Figure  1,  Case  I.  Measurements  were  carried  out  at  10  Kmc 
and  the  response  of  the  isolator  to  the  applied  field  is  seen 
in  Figure  14.  Figure  15  shows  isolation  ratios  at  resonance 
versus  the  relative  position  of  the  ferrite  within  the  waveguide. 

Additional  isolator  measurements  were  taken  at  S-band 
with  larger  slab  sizes.  The  isolation  ratios  obtained  were 
relatively  low  and  this  is  believed  to  be  caused  by  incomplete 
saturation  of  the  material.  To  effectively  construct  isolators 
using  these  planar  materials  at  the  lower  frequencies  one  must 
determine  a  technique  of  lowering  either  the  anisotropy  field, 
the  47TMs  value,  or  perhaps  both. 
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4.  CCBCLUSIOMS 


The  proparat i on  vocess  evolved  Is  capable  of  producing  good  ceramic 
materials  with  high  density  and  good  alignment.  -These  materials  do  not  as  yet 
exhibit  as  narrow  a  linowidth  as  expected.  Compositions  near  those  already  tried, 
should  be  checked  out.  Trivalcnt  aluminum  substituted  for  trivalcnt  iron  apparently 
forms  a  second  phase  material  rather  than  entering  the  Y  structure.  A  deficiency 
of  iron  helps  to  lover  the  dielectric  loss  tangent  of  Znj^j  perhaps  by  offsetting 
the  zinc  loss  on  firing,  but  this  step  is  not  universally  effective  a  >ong  the  other 
Y  compounds. 

By  using  the  alignment  techniques  developed  for  these  planar  materials, 
cubic  ferrites  can  be  successfully  oriented  even  in  cases  of  snail  anisotropy,  it 
least  partially  successful  alignment  has  been  achieved  on  yttrium  iron  garnet  wit 
anisotropy  fields  of  40  oersteds. 

While  initial  isolator  measurements  arc  encouraging,  the  fabrication  of 
practical  low  frequency  isolators  will  require  improved  materials  in  terms  of 
linowidth,  and  larger  sized  samples. 
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5.  PROGRAM  FOR  TEXT  INTERVAL 


The  materials  effort  for  the  next  quarter  will  concentrate  on  the  study 
of  compounds  with  compositions  near  Iii^Cu^Znx.oY ,  I-'il.O^l.O^j  end  Cuo.gZnp.gY  in 
an  effort  to  obtain  materials  with  improved  line widths.  The  'recess  nnu  need  sernas 
adequate  to  produce  materials  of  good  ceramic  quality  and  alignment.  Effort  will 
be  made  to  procure  pressing  equipment  capable  of  preparing  samples  of  larger 
physical  dimensions. 

Some  studios  of  oriented  cubic  materials  will  be  continued  as  a  natural 
extension  of  the  materials  effort  specified  in  this  contract. 

Studies  of  isolator  performance  utilizing  planar  hexagonal  ferrites  will 
be  continued  during  the  next  quarter.  The  configurations  with  the  easy  plane  trans¬ 
verse  to  the  waveguide  axis,  Cases  II  and  IV  of  Figure  11,  will  be  investigated  and 
compered  to  Cases  I  and  III.  The  results  obtained  empirically  and  that  exported 
throu  h  theoretical  predictions  v/ill  be  analyzed.  A  final  analysis  of  some  of  the 
inherent  advantages  or  disadvantages  of  each  of  the  configurations  will  be  made. 

The  features  of  using  the  planar  hexagonal  materials  in  a  coaxial  structure 
’.'ill  be  analyzed  and  measurements  of  isolator  performance  within  these  internal  mag¬ 
net  structures  will  be  made.  However,  in  considering  a  configuration  for  proposed 
isolator  design,  the  feature  of  high  power  handling  capabilities  will  be  of  primary 
consideration. 

The  utilization  of  dielectric  materials  for  optimizing  the  performance  of 
isolators  employing  tho  planar  hexagonal  materials  v/ill  be  investigated,  also  the 
degree  of  degradation  of  isolator  performance  produced  by  the  dielectric  losses 
within  tho  planar  materials  will  be  determined. 

During  the  next  interim  the  analysis  and  development  of  a  microwave  switch 
operated  by  the  planar  hexagonal  materials  will  commence. 
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